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Abstract  The  ultrasound  signs  of  breast  masses  are  explained  by  the  histopathological  data.
Ultrasound  masses  are  classiﬁed  according  to  their  shape  and  margin.  Round  or  oval  masses
are benign  when  their  margins  are  circumscribed  (ﬁbroadenoma,  intramammary  lymph  node);
on the  other  hand,  with  non-circumscribed  margins  (microlobulated  or  irregular),  masses  that
are round  or  oval  may  be  cancers.  Seven  histological  types  of  round  cancers  have  been  identi-
ﬁed: grade  III  invasive  ductal  carcinoma,  colloid  or  mucinous  carcinoma,  medullary  carcinoma,
intramammary  metastases,  intracystic  papillary  carcinoma,  lymphoma  and  high-grade  phyllodes
tumors. Irregularly  shaped  ultrasound  masses  with  non-circumscribed  margins  are  predomi-
nantly cancers  but  may  in  some  cases  be  benign  lesions  such  as  sclerosing  adenosis,  a  radial
scar, ﬁbroadenoma  or  phyllodes  tumor.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
The  ultrasound  signs  of  breast  masses  are  explained  by  the  histopathological  data.  The
shape  and  the  margin  of  a mass  depend  on  its  histological  type  and  its  tissue  composition.
In  practice,  in  ultrasonography  there  are  two  major  groups  of  breast  masses:  round  or  oval
masses  and  irregularly  shaped  masses.
Round and oval massesFibroadenoma
Fibroadenoma  (FA)  is  by  far  the  most  widespread  benign  breast  tumor.  A  ﬁbroadenoma  can
be  encountered  at  any  age,  but  most  frequently  occurs  in  young  women  (25—35  years  old),
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Figure 1. Ultrasound and histological appearance of a typical ﬁbroadenoma: a: ultrasound appearance of a well-deﬁned oval mass,
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 peripheral pseudocapsule can be seen (arrows) due to compressio
ith  a  second  perimenopausal  peak  at  about  50  years  of  age.
A  is  a  hormone-dependent  tumor,  sensitive  to  estrogens:  its
adiohistological  appearance  thus  varies  over  time.
Macroscopically,  a  FA  appears  oval  or  macrolobulated  and
ypically  may  measure  up  to  3  cm.  There  is  a  peripheral
seudocapsule  in  contact  with  the  packed  and  displaced
djacent  mammary  parenchyma,  so  that  the  surgeon  is  able
o  enucleate  the  lesion  easily  during  surgery  (Fig.  1).  Micro-
copically,  the  FA  develops  at  the  expense  of  the  terminal
uctal  lobular  unit  and  contains  a  variable  proportion  of
troma  and  epithelial  tissue  (Fig.  2).  The  stromal  compo-
ent  is  more  or  less  cellular  and  may  include  myxoid  and
yaline  changes  and  calciﬁcations.  When  the  FA  shows  cystic
lterations,  apocrine  metaplasia  or  sclerosing  adenosis,  it  is
nown  as  complex  ﬁbroadenoma  (Fig.  3).  The  stromal  com-
onent  increases  with  the  age  of  the  patient  and  can  become
alciﬁed;  the  epithelial  component  decreases  (Fig.  4) [1].
The  deﬁnition  of  juvenile  FA  is  not  the  age  at  which  it
ppears  —  only  5  to  10%  of  FAs  in  adolescents  are  juvenile
A  —  but  the  histological  appearance.  Juvenile  FA  is  deﬁned
icroscopically  by  the  presence  of  a  very  richly  cellular
troma.  Differential  diagnosis  with  a  phyllodes  tumor  can
igure 2. Histological appearance of a ﬁbroadenoma. Histolog-
cal section (×20 magniﬁcation) of a ﬁbroadenoma showing the
niformly distributed, biphasic, epithelial (arrows) and stromal
asterisk) proliferation.
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wa tumorectomy sample (×1.25 magniﬁcation) from a ﬁbroadenoma.
the adjacent breast parenchyma (asterisk).
e  difﬁcult,  in  particular  from  biopsy  samples.  The  long  axis
f  a  juvenile  FA  can  measure  up  to  6  to  10  cm  (Fig.  5)  [2,3].
FA  is  a benign  tumor.  In  rare  cases  (1/1000),  as  in  normal
reast  tissue,  carcinomas  in  situ  can  develop  within  the  FA.
hese  are  predominantly  lobular  carcinomas  in  situ  but  in
5%  of  cases  they  are  ductal  (Fig.  6)  [4].
On  clinical  examination,  a  FA  is  a  painless,  mobile,  ﬁrm
ass.  It  may  become  painful  when  necrotic  changes  occur,
articularly  during  pregnancy  and  lactation  (partial  or  com-
lete  infarction).  FAs  may  be  multiple  and  bilateral  in  20  to
5%  of  cases.
In  ultrasound,  the  typical  appearance  of  FA  is  of  a  slightly
acrolobulated  (two  to  three  macrolobulations),  oval  mass,
ith  its  long  axis  parallel  to  the  skin  and  a  well-deﬁned  cir-
umscribed  margin,  an  isoechoic  or  discretely  hypoechoic,
omogeneous,  internal  echostructure,  sometimes  with  pos-
erior  acoustic  enhancement,  and  the  presence  of  a  ﬁne
ontinuous  peripheral  capsule  (corresponding  histologically
o  the  adjacent  compressed  mammary  parenchyma).  The
A  may  have  internal  septa  visible  with  ultrasound  (Fig.  7a)
5—7].
FA  may  also  have  a  less  typical  ultrasound  appearance
8,9]:
igure 3. Histological appearance of a complex ﬁbroadenoma.
istological section (×10 magniﬁcation) showing a ﬁbroadenoma
ith apocrine metaplasia and sclerosing adenosis (arrows).
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Figure 4. Ultrasound and histological appearance of an old ﬁbroadenoma: a: ultrasound appearance showing a mass with poorly deﬁned
margins (arrows), classed as ACR4, in a 60-year-old patient. Ultrasound-guided microbiopsy was performed; b: histological section (×10
magniﬁcation) showing an old ﬁbroadenoma with a largely stromal component (asterisk) responsible for the irregular margins seen with
ultrasound.
Figure 5. Ultrasound and histological appearance of a juvenile ﬁbroadenoma: a: ultrasound appearance of a macrolobulated oval mass,
measuring 5 cm, in a 15-year-old girl. Ultrasound-guided biopsy was performed; b: histological section (×1.25 magniﬁcation) of a juvenile
ﬁbroadenoma; c: histological section (×10 magniﬁcation) of a juvenile ﬁbroadenoma showing the presence of a richly cellular stroma.
Figure 6. Ultrasound and histological appearance of a ﬁbroadenoma with carcinoma in situ lesions: a: ultrasound appearance of a
. Ult
denoround mass, containing ﬁne central calciﬁcations, classiﬁed as ACR4
(×10 magniﬁcation) showing a ﬁbroepithelial component in a ﬁbroa
• it may  be  round  (particularly  for  small  FAs)  (Fig.  7b);
• its  echogenicity  is  variable  and  depends  on  its  tissue
composition:  a  cellular  FA  will  be  more  hypoechoic  and
a  ﬁbrosed  FA,  with  hyaline  degeneration,  will  often  be
more  hyperechoic  (Fig.  8);
• its  margin  may  be  non-circumscribed,  microlobulated,
irregular  or  angular:  as  the  patient  ages  or  because
of  histological  changes  (infarction,  hyalinization),  therasound-guided microbiopsy was performed; b: histological section
ma colonized by carcinoma in situ lesions (arrows).
FA  undergoes  ﬁbrous  modiﬁcations  with  an  increase  in
the  stromal  component:  its  margin  becomes  irregular  or
microlobulated  in  5%  of  cases,  its  internal  echogenicity
becomes  more  heterogeneous,  and  posterior  acous-
tic  attenuation  may  appear,  particularly  when  the  FA
becomes  calciﬁed.  These  changes  may  pose  problems  of
differential  diagnosis  with  a  breast  carcinoma  (Fig.  4)
[10].
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Figure 7. Variable ultrasound appearance of a ﬁbroadenoma: a: typical appearance of a ﬁbroadenoma: ultrasound appearance of a
ﬁbroadenoma showing the presence of microlobulations and internal septa (arrows); b: round shape of a ﬁbroadenoma in ultrasound.
Figure 8. Variable echogenicity of a ﬁbroadenoma depending on its histological components: a: marked ultrasound hypoechogenicity
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hyllodes tumor
hyllodes  tumor  (PT)  is  a  rare  tumor  (1%  of  breast  tumors,  2%
f  ﬁbroepithelial  tumors)  and  can  be  benign  or  malignant,
ith  a  high  risk  of  local  recurrence  of  about  30%.  Frequency
eaks  between  40  and  49  years  of  age,  but  a  PT  can  also
ccur  in  an  adolescent.
Microscopically,  a  PT  is  a  ﬁbroepithelial  tumor.  The
haracteristic  of  a  PT  is  the  presence  of  a  hypercellular
bromyxoid  stroma  containing  ﬁbroblasts,  myoﬁbroblasts
more  rarely,  giant  cells)  and  large  spaces  covered  by  an
pithelium  with  a  fern  leaf  appearance  (Fig.  9)  [11].
PTs  are  classiﬁed  into  three  categories  depending  on  their
egree  of  proliferation  and  stromal  differentiation  [12]:mponent (asterisk); b: marked ultrasound hyperechogenicity of a
rrows).
benign  PTs  (grade  1),  frequent  (60%  of  cases):  the  stroma
has  cells  with  a  few  mitoses  (<  5  mitoses  in  10  ﬁelds)
and  little  atypia;  macroscopically  the  margins  are  regular
(Fig.  9);
borderline  PTs  (grade  2):  the  stroma  show  mod-
erate  atypia  and  a  rate  of  mitosis  of  <  5  in
10  ﬁelds;
malignant  PT  or  phyllodes  tumor  sarcoma  (grade  3),  (30%
of  cases):  the  stroma  has  atypical  and  pleomorphic  cells,
a  high  rate  of  mitosis  (>  5  in  10  ﬁelds)  and  macroscopi-
cally  the  margins  are  very  irregular  with  inﬁltration  of
the  peripheral  mammary  parenchyma.  The  presence  of
necrotic  changes  is  highly  suggestive  of  a  malignant  PT
(Fig.  10).
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Figure 9. Histological appearance of a grade 1 phyllodes tumor.
Histological section (×10 magniﬁcation) of a grade 1 phyllodes
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•tumor showing the characteristic fern-leaf appearance (large spaces
covered by an epithelium: arrows).
The  diagnosis  between  a  benign  or  malignant  phyllodes
tumor  can  be  difﬁcult  on  breast  biopsies.
In  more  than  80%  of  cases,  PT  is  detected  in  the  clinical
examination,  because  of  its  rapid  growth.  Clinically,  benign
PT  is  similar  to  ﬁbroadenoma.  On  the  other  hand,  malignant
PT  presents  characteristics  in  the  clinical  examination  that
are  suspect,  with  tumors  that  are  large,  hard  on  palpation
and  not  very  mobile  (because  of  the  inﬁltration  of  peripheral
breast  tissue)  (Fig.  10).
In  ultrasound,  grade  1  PTs  can  appear  like  FAs:  oval,
round  or  lobulated  in  shape,  with  a  regular,  circumscribed
margin  sometimes  with  posterior  acoustic  enhancement
(Fig.  11).  The  following  signs  may  point  towards  a
diagnosis  of  PT  but  can  also  be  present  in  remod-
eled  FAs:  an  indistinct,  non-circumscribed  margin,  internal
heterogeneity,  internal  cystic  changes  (corresponding  to
gelatinous,  cystic  or  necrotic  areas  or  to  epithelial  ﬁs-
sures  highly  suggestive  of  phyllodes  tumors)  (Fig.  10c).
Internal  calciﬁcations  and  posterior  attenuation  are
rare  [13—17].Like  other  sarcomas,  malignant  PT  rarely  metastasizes
to  the  lymph  nodes.  Hematological  dissemination,  on  the
other  hand,  is  common,  with  extension  to  the  liver  and
lungs.
Figure 10. 45-year-old patient with a grade 3 phyllodes tumor: a: 4
the skin; b: ultrasound appearance showing a well-deﬁned mass, with c
magniﬁcation) showing ﬁbroepithelial proliferation containing many atypigure 11. Ultrasound appearance of a grade 1 phyllodes tumor
roven by microbiopsy.
apilloma
apillomas  (PAP)  are  rare  (1%),  benign,  ﬁbroepithelial
umors.  As  a  general  rule,  a  PAP  is  indicated  clinically,  even
hen  small,  by  a  clear  or  bloody  discharge  (80%).  It  is  rarely
alpable.
Histologically,  a  PAP  is  seen  as  a  cellular  proliferation
rganized  on  a  ﬁbrovascular  core  (Fig.  12)  [18].
A  PAP  may  be  central  or  peripheral.  We  must  differentiate
Table  1) between:
a solitary  or  central  papilloma,  which  occurs  in  peri-
menopausal  women  in  the  peri-  or  subareolar  region.  It
is  secretory,  often  resulting  in  lactiferous  duct  dilatation
and  a discharge  from  the  nipple  (70%  of  cases)  (Fig.  12).
Its  size  is  variable  (0.5  cm  to  3.5  cm).  A  central  PAP  has  a
much  lower  risk  of  degeneration  than  a  peripheral  PAP;  in
rare  cases,  there  are  foci  of  atypical  ductal  hyperplasia  or
carcinoma  in  situ. The  histological  appearance  of  central
PAP  is  variable  (sclerosing  adenosis,  apocrine  metaplasia).
It  can  twist  on  its  pedicle  and  become  infarcted,  leading
to  a  bloody,  single  oriﬁce  discharge;
peripheral  PAP,  which  occurs  in  younger  patients  than  cen-
tral  PAP.  Nipple  discharge  is  less  common,  so  that  it  is
usually  discovered  by  ultrasound.  Lesions  are  often  multi-
ple,  small  (<  2—3  mm)  and  localized  in  the  distal  segments
of  the  ducts.  Peripheral  PAPs  are  recurrent  and  in  12%  of
5-year-old patient with a mass in the right breast, ulcerated to
entral cystic alterations (arrows); c: histological appearance (×40
ical cells and numerous mitoses.
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Figure 12. Ultrasound and histological appearance of a papilloma: a: single oriﬁce clear discharge due to a papilloma in this 55-year-old
patient; b: histological appearance (×4 magniﬁcation) of a papilloma showing cellular proliferation organized around ﬁbrovascular cores;
c: ultrasound appearance of a papilloma in a dilated lactiferous duct (arrow).
Table  1
Papilloma Central  or  solitary  Peripheral
Age  Perimenopausal  Younger
Location  Peri-  or  retroareolar  Distal  ducts
Nipple  discharge  Common  70%  Rare
Chance  ultrasound  discovery
Size  5—35  mm  <  2—3  mm
Number  Single  Multiple
Associated  precancerous
or  cancerous  lesions
Rare  Common  12%
(CIS,  ADH)
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bilateral  (3—18%)  and  multicentric  (10%).  It  grows  rapidly
and  is  often  discovered  by  palpation.  The  prognosis  for  pure
MC  is  intermediate  between  IDC  and  cancers  with  a  good
prognosis  (mucinous,  papillary,  tubular  carcinoma).  The
5-year  survival  rate  is  89%,  but  where  there  is  lymph  node
invasion,  it  is  no  more  than  42%.  Several  studies  seem  to
have  found  a  link  between  the  presence  of  a  BRCA1  muta-
tion  and  the  occurrence  of  medullary  carcinoma  (30  to  60%
of  medullary  carcinomas  are  found  in  the  context  of  a  BRCA1
mutation)  [21].
Macroscopically,  MC  is  a well-delimited,  lobulated
cancer.  The  combination  of  a  poorly  differentiated  carcino-
matous  component  and  a  predominant  lymphoid  inﬁltration
(WHO  deﬁnition)  (Fig.  14)  characterizes  its  histological
appearance.  Its  phenotypic  proﬁle  is  of  a  triple-negative
cancer  [22].CIS: carcinoma in situ.
cases  are  associated  with  precancerous  lesions  or  cancers
(atypical  ductal  hyperplasia,  ductal  carcinoma  in  situ);
juvenile  papillomatosis  affects  patients  between  20  and
30  years  old  but  can  also  be  found  in  50-year-old  women.
Histologically,  juvenile  papillomatosis  consists  of  a  great
many  small  cysts  presenting  papillary  hyperplasia,  some-
times  atypical  (10%  of  cases)  but  without  true  papilloma.
Its  ultrasound  appearance  has  given  it  the  name  ‘Swiss
cheese  disease’  because  of  the  presence  of  many  small
cysts.
With  ultrasound,  the  appearance  of  PAP  depends  on  its
ize  and  extension  to  the  ducts.  When  PAP  is  not  asso-
iated  with  lactiferous  duct  dilatation,  its  appearance  is
ifﬁcult  to  differentiate  from  a  benign  breast  nodule  such
s  FA.  A  papilloma  is  easily  identiﬁed  with  ultrasound  when
t  is  located  in  a  dilated  lactiferous  duct:  round  in  shape,
ith  a  circumscribed  margin,  hypoechoic,  often  hetero-
eneous  with  a  central  vascular  pedicle  in  Doppler  mode
Fig.  12).  A PAP  may  seem  to  be  encysted  when  the  duct  is
bstructed  and  very  dilated,  looking  like  a  nodular  cyst.  It
ay  be  remodeled  and  become  infarcted,  and  consequently
e  more  hypoechoic  and  attenuating,  and  calciﬁcations  may
ppear.  PAPs  show  anterograde  growth  towards  the  nipple
Fig.  13).  In  ultrasound,  the  differential  diagnosis  is  a  dilated
uct  with  sediment:  making  the  patient  change  position
auses  movement  of  the  sediment  [19,20].
edullary carcinomaedullary  carcinoma  (MC)  is  rare  (5%  of  breast  cancers).  It
s  encountered  in  young  women,  representing  10%  of  breast
arcinomas  in  patients  less  than  35  years  old.  It  is  more  often
Figure 13. Ultrasound view of a papilloma progressing towards
the nipple (arrows).
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Figure 14. Ultrasound and histological appearance of a medullary carcinoma: a: macroscopic section showing a round mass,
whitish/pink/beige on cutting; b: histological appearance (×1.25 magniﬁcation) showing a mass with smooth regular margins; c: histo-
ration
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9logical section (×20 magniﬁcation) showing carcinomatous prolife
ultrasound appearance of the medullary carcinoma showing a well-
acoustic enhancement.
With  ultrasound,  pure  MC  is  very  hypoechoic  with  a
pseudocystic  appearance  (Fig.  14).  Doppler  mode  shows
numerous  intratumoral  vessels  allowing  it  to  be  differen-
tiated  from  a  cyst  with  thick  contents.  A  MC  always  has
posterior  acoustic  enhancement:  this  is  explained  by  its
high  cellularity  and  the  presence  of  necrotic/hemorrhagic
changes.  Because  of  their  rapid  growth,  MCs  show  little  or
no  peripheral  stromal  reaction  [23—25],  which  explains  why
their  margins  are  regular,  most  of  the  time  microlobulated
and  non-circumscribed,  but  sometimes  circumscribed.
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Figure 15. Ultrasound and histological appearance of a colloid or m
showing a colloid carcinoma with well-deﬁned margins; b: histologica
carcinomatous cells (arrows) within lakes of mucus (asterisk); c: ultra
isoechoic, round mass with well-deﬁned margins. composed of syncytial cells with marked cytonuclear atypia; d:
ed, hypoechoic mass with macrolobulated margins, with posterior
olloid carcinoma
olloid  carcinoma  (CC),  also  called  mucinous  carcinoma,  is
are  (2%  of  breast  cancers).  In  its  pure  form,  its  prognosis
s  favorable,  even  excellent,  with  a  10-year  survival  rate  of
0%,  whereas  when  combined  with  a  ductal  component,  it
as  the  same  prognosis  as  IDC  (only  60%).  CC  is  more  likely  to
ffect  older  women  (mean  age  63  years).  It  develops  slowly;
he  risk  of  nodal  metastasis  is  low  (<6%)  but  higher  in  its
ixed  form  (36%).
ucinous carcinoma: a: histological section (×1.25 magniﬁcation)
l section (×4 magniﬁcation) showing the presence of clumps of
sound image showing the colloid carcinoma as a homogeneous,
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Microscopically,  CC  may  be  either  pure  or  mixed.  In  its
ure  form,  it  is  characterized  by  clumps  of  cells  or  isolated
arcinomatous  cells  ﬂoating  in  large  lakes  of  mucin,  which
re  present  in  more  than  75%  of  the  tumor  (Fig.  15).  There  is
o  associated  peripheral  stromal  reaction.  In  its  mixed  form,
t  is  combined  with  invasive  ductal  carcinoma.  Macroscopi-
ally,  the  morphological  appearance  of  CC  depends  whether
he  form  is  pure  or  mixed.  Pure  CC  has  smooth  or  lobulated
argins  (Fig.  15).  In  its  mixed  form,  CC  presents  a  periph-
ral  ﬁbrous  stromal  reaction  and  is  therefore  more  often
alpable,  with  a  hard  tumor  on  clinical  examination,  and
piculated  and  irregular  margins  macroscopically.
The  appearance  in  ultrasound  varies  depending  whether
he  form  is  pure  or  mixed.  In  its  pure  form  the  mass  is
so-  or  hypoechoic  and  microlobulated,  most  of  the  time
ith  non-circumscribed  margins  (Fig.  15).  In  its  mixed
orm,  the  ultrasound  appearance  depends  on  the  percentage
f  invasive  ductal  carcinoma,  giving  it  an  angular,  spicu-
ated,  non-circumscribed  margin  and  posterior  attenuation
26—28].
ntracystic papillary carcinoma
apillary  carcinoma  (PAPC)  is  also  rare  (1—2%  of  breast  car-
inomas).  It  more  often  affects  post-menopausal  women
mean  age  63—67  years  old).  PAPC  is  a  cancer  with  a  good
rognosis.
Macroscopically,  it  is  a  well-deﬁned  lesion  encapsulated
y  peripheral  ﬁbrosis  (Fig.  16).  It  often  appears  blackish,
ecause  of  frequent  hemorrhagic  changes  (due  to  torsion
round  its  pedicle).  The  presence  of  hemorrhagic  changes,
reas  of  infarction  and  ﬁbrosis  may  result  in  irregular
argins.  Microscopically,  PAPC  is  deﬁned  by  a  tumoral
esion  with  papillary  architecture  (Fig.  16)  associated  with
he  development  of  carcinoma  in  situ  within  a  dilated
actiferous  duct.  Immunohistochemical  markers  targeting
yoepithelial  cells  are  negative,  thus  reﬂecting  the  invasive
haracter.
With  ultrasound,  the  papillary  lesion  shows  as  a  solid
odule,  with  an  often  discreetly  microlobulated  margin,
ometimes  seen  within  a  dilated  duct.  Its  echostructure
m
m
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l
igure 16. Ultrasound and histological appearance of an invasive intrac
ion) showing a well-deﬁned lesion with papillary architecture; b: histolo
arrows) with no myoepithelial cells at the periphery; c: ultrasound image
y central cystic changes) with discreetly irregular margins.A.  Jalaguier-Coudray,  J.  Thomassin-Piana
s  more  or  less  heterogeneous,  corresponding  to  cystic  or
emorrhagic  changes  (Fig.  16).  Doppler  mode  reveals  rich
nternal  vascularization,  with  many  vessels  (Fig.  17).  PAPC
an  also  appear  in  an  ultrasound  examination  as  a  cyst  with
 mural  nodule  or  thick  partitions.  Most  of  the  time,  the  wall
hickening  and  thickened  septa  within  a  mammary  cyst  are
he  consequence  of  benign  lesions  (papillary  apocrine  meta-
lasia,  clots).  The  presence  of  a  dilated  duct  prolonging  a
yst  suggests  a  papillary  lesion,  but  ultrasonography  cannot
ifferentiate  between  a  papilloma  and  a  papillary  carcinoma
29,30].
etastases
reast  metastases  are  rare  (1%  of  breast  carcinomas).  Pri-
ary  cancers,  which  tend  to  metastasize  to  the  breasts
re  melanoma,  bronchial  cancer,  lymphoma,  ovarian  carci-
oma  and  digestive  cancers.  Other  primary  cancers,  which
an  spread  to  the  breast  are  medullary  thyroid  cancer  and
enal  carcinoma.  In  men,  prostate  carcinoma  can  metas-
asize  to  the  breast.  These  breast  metastases  most  often
ppear  in  the  context  of  polymetastatic  disease.  In  15%
f  cases,  breast  metastases  are  the  way  the  cancer  is
evealed.
Macroscopically,  breast  metastases  are  often  well  delim-
ted,  because  they  displace  the  peripheral  mammary  tissue
ithout  invading  it  (absence  of  peripheral  stromal  reac-
ion)  (Fig.  18).  Microscopically,  intramammary  metastases
ave  the  same  appearance  as  the  primary  cancer.  In  some
ases,  when  tumor  proliferation  is  very  undifferentiated,  it
s  difﬁcult  for  the  pathologist  to  determine  whether  it  is
n  undifferentiated  primary  mammary  carcinoma  or  a  sec-
ndary  intramammary  lesion:  in  this  case,  he  may  make  use
f  immunohistochemical  and  hormone  receptor  techniques
o  make  the  diagnosis.
With  ultrasound,  breast  metastases  are  single  or  mul-
iple,  round  or  oval  masses,  often  with  a  microlobulated
argin  (because  of  the  absence  of  any  peripheral  stro-
al  reaction);  they  are  hypoechoic,  sometimes  with
osterior  acoustic  enhancement  (because  of  their  high  cel-
ularity)  (Fig.  18).  They  may  simulate  benign  mammary
ystic papillary carcinoma: a: histological section (×1.25 magniﬁca-
gical section (×20 magniﬁcation) with a ﬁbrovascular arborescence
 showing a hypoechoic mass with a round, anechoic center (caused
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Figure 17. Ultrasound and histological appearance of an intracystic papillary carcinoma: a: ultrasound image showing a discreetly het-
erogeneous, round mass with microlobulated margins, shown to be an inﬁltrating papillary carcinoma on microbiopsy; b: power Doppler
ultrasound image showing the presence of rich central vascularization.
Figure 18. Ultrasound and histological appearance of intramammary metastasis of a malignant melanoma: a: histological section (×1.25
magniﬁcation) showing a well-deﬁned round lesion; b: histological section (×20 magniﬁcation) showing the presence of atypical tumor cells
containing deposits of melanic pigment (arrows); c: ultrasound image showing a very hypoechoic, well-deﬁned, oblong breast lesion which
microbiopsy showed to be intramammary metastasis of a malignant melanoma.
Figure 19. Ultrasound and histological appearance of intramammary metastasis of an ovarian cystadenocarcinoma: a: ultrasound image
showing a round intramammary mass with microlobulated margins; b: histological section from a microbiopsy sample (×40 magniﬁcation)
of a proliferation of adenocarcinoma cells due to intramammary metastasis of a serous cystadanocarcinoma.
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Figure 20. Ultrasound and histological appearance of an intramammary B-cell lymphoma: a: ultrasound appearance showing a very
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cypoechoic oval mass with posterior acoustic enhancement; b: histo
iffuse proliferation of large, non-cohesive tumor cells with atypica
esions  rather  than  mammary  carcinomas.  No  association
ith  calciﬁcations  has  been  recorded  in  the  literature,
part  from  for  ovarian  and  medullary  thyroid  can-
ers,  where  amorphous  calciﬁcations  can  occur  (Fig.  19)
31—34].
ymphoma
rimary  non-Hodgkin  lymphoma  of  the  breast  (PNHLB)  is
are.  For  it  to  be  considered  as  primary,  no  other  lymphoma-
ous  site  must  exist  apart  from  possibly  in  the  axillary  lymph
odes.  PNHLB  may  occur  at  any  age  (15—85  years,  with  a
ean  age  of  55  years).
In  the  majority  of  cases  (70%),  there  is  a  single  breast
ass,  frequently  associated  with  axillary  lymphadenome-
alies  (50%  of  cases).  Multiple  masses  or  an  inﬂammatory
reast  are  less  common  (9%).  Clinically,  PNHLB  is  seen  as
 rapidly  developing  palpable  mass.  It  is  frequently  associ-
ted  with  edema  and  erythema  affecting  the  area  of  skin
overing  it.  PNHLB  is  richly  cellular,  which  makes  it  appear
ery  hypoechoic  or  even  pseudocystic.  There  is  no  peripheral
tromal  reaction,  which  explains  the  circumscribed  margin
35—37]  (Fig.  20).
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igure 21. Ultrasound and histological appearance of grade III invasive
uctal carcinoma conﬁrmed by microbiopsy showing a homogeneous, 
coustic enhancement; b: histological section (×1.25 magniﬁcation) s
eﬁned invasive carcinomatous proliferation; c: histological section (×1
ytonuclear atypia and a high mitotic index.al section (×20 magniﬁcation) from a microbiopsy sample showing
lei and nucleoli caused by an intramammary B-cell lymphoma.
Intramammary  Hodgkin  lymphoma  is  rarer.  Its  ultrasound
ppearance  is  identical  to  PNHLB.
rade III ductal carcinoma
nvasive  ductal  carcinoma  (IDC)  is  the  most  common  his-
ological  type.  It  originates  in  the  terminal  ductal  lobular
nit.  The  majority  of  IDCs  do  not  have  speciﬁc  histological
haracteristics  and  are  therefore  classiﬁed  as  not  otherwise
peciﬁed  (NOS).  IDCs  represent  80%  of  breast  carcinomas.
he  mean  age  at  diagnosis  is  56.
Microscopically,  Scarff  Bloom  Richardson  (SBR)  grade
II  IDC  consists  of  a  poorly  differentiated  carcinomatous
roliferation  composed  of  cells  with  moderate  to  marked
ytonuclear  atypia  and  a  high  mitotic  rate  (Fig.  21).
In  ultrasound,  the  round  shape  of  grade  III  IDCs  results
rom  the  absence  of  peripheral  stromal  reaction,  because
f  the  rapid  growth  of  the  tumor.  Grade  III  IDC  appears
s  a  rounded,  hypoechoic  lesion,  the  long  axis  of  which  is
ot  parallel  to  the  skin,  and  with  a  microlobulated  mar-
in.  There  is  no  posterior  acoustic  attenuation;  on  the  other
and,  real  posterior  acoustic  enhancement  can  be  seen  due
o  the  intratumoral  hypercellularity  [38—40]  (Fig.  21).
 ductal carcinoma: a: ultrasound appearance of a grade III invasive
hypoechoic, round mass with well-deﬁned margins and posterior
howing a well-deﬁned mass due to poorly differentiated, well-
0 magniﬁcation) showing medium to large tumor cells with marked
ons?
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Fibrocystic changes
Fibrocystic  changes  may  occur  in  the  terminal  ductal  lobular
unit  (TDLU)  resulting  in  the  formation  of  an  ultrasound  mass.
The  TDLU  may  be:
• distended  by  apocrine  metaplasia  or  simple  papillary
hyperplasia  (Fig.  22);
• distended  by  microcysts,  not  visible  with  ultrasound,  con-
taining  apocrine  metaplasia,  debris  and  macrophages.
Fat necrosis
The  ultrasound  appearance  of  fat  necrosis  is  very  variable.
Most  of  the  time,  it  appears  as  a  ﬁnely  echogenic  solid  mass
with  a  circumscribed  margin.  Sometimes,  it  can  be  associ-
ated  with  a  mural  intracystic  nodule.  If  the  mammographic
appearance  is  typical,  it  is  not  necessary  to  biopsy  (Fig.  23)
[41—44].  On  the  other  hand,  fat  necrosis  can  appear  as
an  attenuating  mass  with  an  irregular  margin,  because  of
ﬁbrous  changes,  making  it  impossible  to  differentiate  it  from
a  breast  carcinoma  without  histological  evidence.
m
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g
Figure 22. Radiohistological appearance of apocrine metaplasia: a: ult
ACR4 given the way it occurred and which underwent ultrasound-guided m
magniﬁcation) showing ﬂorid apocrine metaplasia; c: histological section
with papillary architecture of large eosinophilic cells related to the apoc
Figure 23. Radiohistological appearance of fat necrosis: a: ultrasound
vascularized with power Doppler; b: corresponding mammographic ima
section (×10 magniﬁcation) showing the typical appearance of fat necro 163
ntramammary lymph node
ntramammary  lymph  nodes  are  common  and  can  be  visible
ith  ultrasound.  They  are  often  smaller  than  axillary  lymph
odes.  They  may  be  seen  in  any  breast  quadrant  but  tend  to
ccur  more  in  the  superolateral  quadrant  (Fig.  24)  [45].
rregularly shaped masses
rade I or II invasive ductal carcinoma
rade  I  or  II  invasive  ductal  carcinoma  (IDC)  is  accompanied
y  a  peripheral  stromal  reaction.  This  reaction  is  not  diffu-
ion  of  the  cancer  into  the  peripheral  breast  tissue  but  the
radual  attraction  of  peripheral  breast  tissue.  The  better
ifferentiated  the  cancer,  the  greater  the  peripheral  stro-
al  reaction;  this  is  seen  in  mammograms  by  the  presence
f  spicules,  and  in  an  ultrasound  examination  by  a  hyper-
choic  peripheral  rim  (Fig.  25).  Conversely,  with  a  rapidly
rowing  IDC  (grade  III)  there  is  little  or  no  peripheral  stromal
rasound appearance showing a hypoechoic, oblong mass, classiﬁed
icrobiopsy; b: histological section of a microbiopsy sample (×1.25
 of a microbiopsy sample (×10 magniﬁcation) showing proliferation
rine metaplasia.
 image of a cyst with a hyperechoic mural nodule, seen to be non-
ge showing the typical appearance of fat necrosis; c: histological
sis with central lipid vacuoles.
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Figure 24. Ultrasound and histological appearance of an intramammary lymph node: a: B-mode Doppler ultrasound image showing a
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ortex of an intramammary lymph node.
eaction,  which  explains  ultrasound  images  and  mammo-
rams  of  well-delimited  cancers  [38].
nvasive lobular carcinoma
he  particular  histological  appearance  of  invasive  lobular
arcinoma  (ILC)  explains  the  great  difﬁculty  of  detecting  it
n  imaging.
Its  histology  is  characterized  by  a  proliferation  of  small
ound,  non-cohesive  cells,  typically  arranged  in  single  ﬁle
nd  inﬁltrating  the  mammary  tissue  without  disorganizing  it
Fig.  26).  Ultrasound  can  show  invasive  lobular  carcinoma  as
 mass  with  an  irregular  margin  or  areas  of  attenuation  or
here  may  be  nothing  seen  with  ultrasound  (Fig.  27) [46—50].
ubular carcinomaubular  carcinoma  (TC)  is  a  rare  cancer  (2%).  It  tends  to
ffect  younger  women  (mean  age:  40).  The  prognosis  for
ubular  carcinoma  is  very  good  with  a  15-year  survival  rate
f  100%  for  lesions  of  less  than  10  mm.
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igure 25. Ultrasound and histological appearance of a grade I invasive
arcinoma conﬁrmed by microbiopsy, showing a mass with irregular ma
istological section (×1.25 magniﬁcation) showing a spiculated mass wit
arcinomatous proliferation forming tubes within a ﬁbrous stroma.r pedicle; b: histological section (×1.25 magniﬁcation) showing the
Histologically,  tubular  carcinoma  is  characteristically  a
ery  well  differentiated  carcinoma,  forming  tubes  lined  with
 single  layer  of  tumor  cells.  It  is  associated  with  a  consid-
rable  ﬁbrous  stromal  reaction  around  the  tubes  (Fig.  28).  A
arcinoma  is  said  to  be  pure  tubular  when  more  than  50  to
0%  of  its  content  is  TC.  TC  often  develops  within  a  radial
car  [51—53].
With  ultrasound,  a  tubular  carcinoma  has  a  spiculated,
on-circumscribed  margin,  with  a  hyperechoic  peripheral
alo  due  to  the  considerable  stromal  reaction.  It  is  either
soechoic  or  discretely  hypoechoic,  with  posterior  acoustic
ttenuation  (Fig.  28).
adial scar
 radial  scar  (RS)  is  a  lesion  commonly  found  by  chance
hen  it  is  small,  in  mastectomy  tissue  or  in  macrobiopsies
erformed  for  a  focus  of  calciﬁcation.
Histologically,  the  RS  is  characterized  by  a  ﬁbrous,  elas-
osic  center  around  which  tubes  and  lobules  are  arranged
adially  (Fig.  29).  The  breast  parenchyma,  thus  stretched,
 ductal carcinoma: a: ultrasound image of a grade I invasive ductal
rgins, with a vertical axis and a hyperechoic peripheral halo; b:
h proliferation; c: histological section (×20 magniﬁcation) showing
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Figure 26. Histology of the invasive lobular carcinoma: a: Histological section (×20 magniﬁcation) showing the presence of small, round
cells in single ﬁle due to an invasive lobular carcinoma; b: histological section (×10 magniﬁcation) showing tumor cells inﬁltrating the breast
tissue without disorganizing it (arrows) caused by an invasive lobular carcinoma.
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pFigure 27. Ultrasound images of the invasive lobular carcinoma: a
image showing an attenuating hypoechoic area.
may  show  changes  due  to  adenosis  or  apocrine  metaplasia,
or  cystic  changes.  A  radial  scar  can  mimic  TC;  when  viewed
under  the  microscope,  it  is  the  presence  of  two  cell  layers,
epithelial  and  myoepithelial,  which  distinguishes  the  two.
In  10  to  30%  of  cases,  the  RS  is  associated  with  a  carcinoma
in  situ  or  a  tubular  invasive  carcinoma.  The  associated  carci-
noma  is  often  small,  partly  touching  the  center  of  the  radial
scar  (Fig.  30)  [54].  For  this  reason,  complete  surgical  abla-
tion  is  recommended  when  the  biopsy  shows  a  spiculated
mass  related  to  a  radial  scar.
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Figure 28. Ultrasound and histological appearance of a tubular carcin
magniﬁcation) showing the tubular carcinoma; b: Histological section o
well differentiated carcinoma, forming tubes lined with a single layer of t
around the tubes (asterisk); c: ultrasound image showing a mass with ir
considerable peripheral stromal reaction.asound image showing a mass with irregular margins. b: ultrasound
An  RS  is  often  detected  on  the  mammogram  from
n  image  of  distortion  or  a  spiculated  mass  with  a
ight  center.  Breast  ultrasonography  is  performed  to  ﬁnd
 target  for  a  biopsy.  The  ultrasound  appearance  of
n  RS  is  not  speciﬁc.  It  appears  as  a lesion  with  a
piculated  or  angular  non-circumscribed  margin,  with  a
eripheral  hyperechoic  rim  and  posterior  acoustic  atten-
ation  (Fig.  30).  It  is  impossible  to  differentiate  an  RS
rom  a  well  differentiated  IDC  or  TC  using  ultrasound
55,56].
oma: a: histological section of the tumorectomy specimen (×1.25
f the tumorectomy specimen (×20 magniﬁcation) showing a very
umor cells, associated with a considerable ﬁbrous stromal reaction
regular margins and a peripheral hyperechoic halo indicating the
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Figure 29. Histological appearance of a radial scar: a: histological section of a tumorectomy specimen (×1.25 magniﬁcation) showing a
radial scar; b: histological section of a tumorectomy specimen (×10 magniﬁcation) showing a ﬁbrous and elastosic center surrounded by
tubes and lobules arranged radially.
Figure 30. Ultrasound and histological appearance of a radial scar associated histologically with a tubular carcinoma: a: ultrasound image
s  peri
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thowing a hypoechoic area with irregular, spiculated margins, with a
: histological section of a microbiopsy sample (×1.25 magniﬁcatio
clerosing adenosisclerosing  adenosis  is  the  benign  hypertrophy  of  a  lob-
le  combined  with  ﬁbrotic  hypertrophy  of  its  surrounding
onnective  tissue.  With  ultrasound,  it  is  seen  as  a  nodule
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igure 31. Ultrasound and histological appearance of a sclerosing ad
ass with irregular margins; b: histological section of a microbiopsy sa
issue within a lobule.pheral hyperechoic rim and posterior acoustic attenuation (arrow);
owing a radial scar with a small tubular carcinoma in its center.
ith  a  non-circumscribed  microlobulated  margin.  If  there
s  considerable  ﬁbrosis,  the  nodule  may  have  a very  angu-
ar  and  irregular  margin  simulating  a  carcinoma.  There  are
requently  associated  secretory  dust-like  calciﬁcations,  too
mall  to  be  detected  with  ultrasound  (Fig.  31)  [57,58].
enosis: a: ultrasound appearance of sclerosing adenosis showing a
mple (×10 magniﬁcation) showing hypertrophy of the surrounding
ons?
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Conclusion
To  conclude,  the  ultrasound  appearance  of  a  mass  depends
on  its  histological  composition.  It  is  therefore  essential  for
the  radiologist  to  know  the  physiopathological  and  histo-
logical  basics  of  mammary  pathology.  Indeed,  a  radiologist
taking  samples  must  analyze  the  histological  results  in  the
light  of  the  radiological  images  and  the  ACR  classiﬁcation.
He  or  she  must  therefore  check  the  concordance  or  discord-
ance  of  the  results.
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